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FOREWORD 
Roughly 1 . 6  b i l l i o n  p e o p l e ,  4 0  p e r c e n t  o f  t h e  w o r l d ' s  popu- 
l a t i o n ,  l i v e  i n  u rban  a r e a s  today .  A t  t h e  b e g i n n i n g  o f  t h e  l a s t  
c e n t u r y ,  t h e  u rban  p o p u l a t i o n  o f  t h e  wor ld  t o t a l e d  o n l y  2 5  m i l -  
l i o n .  According t o  r e c e n t  Uni ted  N a t i o n s  e s t i m a t e s ,  a b o u t  3 . 1  
b i l l i o n  p e o p l e ,  t w i c e  t o d a y ' s  u r b a n  p o p u l a t i o n ,  w i l l  b e  l i v i n g  
i n  u rban  a r e a s  by t h e  y e a r  2000 .  
S c h o l a r s  and p o l i c y  makers o f t e n  d i s a g r e e  when it comes t o  
evaluatingthedesirability o f  c u r r e n t  r a p i d  r a t e s o f u r b a n  growth 
and u r b a n i z a t i o n  i n  many p a r t s  o f  t h e  g l o b e .  Somesee  t h i s  t r e n d  
a s  f o s t e r i n g  n a t i o n a l  p r o c e s s e s  o f  socioeconomic development ,  p a r -  
t i c u l a r l y  i n  t h e  p o o r e r  and r a p i d l y  u r b a n i z i n g  c o u n t r i e s  o f  t h e  
T h i r d  World; whereas  o t h e r s  b e l i e v e  t h e  consequences  t o  be l a r g e l y  
u n d e s i r a b l e  and a r g u e  t h a t  s u c h  u rban  growth s h o u l d b e  slowed down. 
The c o n t r o v e r s y  a l s o  e x t e n d s  t o  t h e  way t h e  u rban  p o p u l a t i o n  
i s  d i s t r i b u t e d  among d i f f e r e n t  c i t y  s i z e  c l a s s e s .  I n  p a r t i c u l a r  
a  c o n d i t i o n  o f  primacy i s  s a i d  t o  e x i s t  when a n  o b s e r v e d  u rban  
p o p u l a t i o n  d i s t r i b u t i o n  d e v i a t e s  from a  g i v e n  s t a n d a r d  d i s t r i b u -  
t i o n ,  most commonly t h e  r a n k - s i z e  d i s t r i b u t i o n ,  and " o v e r u r b a n i z -  
a t i o n "  is o f t e n  d iagnosed  a s  t h e  c a u s e .  
I n  t h i s  p a p e r ,  Ahrned S e i f e l n a s r ,  a  demographer,  a n a l y z e s  t h e  
l e v e l ,  p a c e l a n d  p a t t e r n  o f  change i n  two u r b a n i z a t i o n  d imens ions :  
u r b a n i z a t i o n  l e v e l  and u rban  c o n c e n t r a t i o n .  The emphasis  i s  on 
r e g i o n a l  and t empora l  comparisons.  To f a c i l i t a t e  t h e  a n a l y s i s  a  
new measure c a l l e d  t h e  measure o f  combined change i s  i n t r o d u c e d  
and i t s  u s e  i l l u s t r a t e d  u s i n g  t h e  most r e c e n t  d a t a  a v a i l a b l e .  
I n  a d d i t i o n ,  a  g r a p h i c  method t h a t  shows compact ly  t h e  s i m u l t a n -  
eous  change i n  t h e  two d imens ions  i s  p r e s e n t e d .  F i n a l l y ,  t h e  
o v e r a l l  u r b a n i z a t i o n  "performance"  on t h e s e  two d i m e n s i o n s  i s  
examined o v e r  t i m e  w i t h  t h e  h e l p  o f  a  summary index .  
A l i s t  o f  t h e  p a p e r s  i n  t h e  P o p u l a t i o n ,  R e s o u r c e s ,  a n d  Growth 
Task a p p e a r s  a t  t h e  end o f  t h i s  p a p e r .  
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ABSTRACT 
An attempt has been made to examine the development of the 
urbanization process in two basic dimensions: urbanization level 
and urban concentration. 
TO facilitate the regional and temporal comparisons, a sum- 
mary measure that combines the two dimensions is introduced and 
its use is illustrated using data compiled in UN (1979). The 
historical development of the two dimensions, together with the 
measure,has been depicted on a graph which shows compactly the 
path that has been followed in the course of urbanization. 
Finally, the urbanization "performance" (fromthe demographic 
point of view) is compared over time and across space with the 
help of a comparative index that takes values between zero and 
one (called the performance index). This index is found to be 
strongly (although tentatively) related to a summary measure of 
the deviations between the observed urban distribution and the 
empirically common rank-size distribution. 
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URBANIZATION LEVEL AND URBAN 
CONCENTRATION : COPIPARATIVE 
PATHS AND A PERFORMANCE INDEX 
In the statistical and demographic study of urbanization, 
the following dimensions are usually considered: level of or 
degree of urbanization, changes in the degree of urbanization 
(the tempo), distribution and concentration of urban population 
among city size categories, and components of urban growth. The 
level and the tempo of urbanization constitute the minimum and 
basic dimensions that must be quantified for any meaningful 
study of the phenomenon. The other aspects are alternatively 
treated as causes, effects, and dimensions of urbanization. 
This paper is not an attempt to review or contrast the different 
measures of urbanization, this can be found in Arriaga (1975). 
The application of different measures to world data over time 
and cross-sectional data can also be found in Davis (1970) and 
most recently in UN (1 979). 
In this paper, a comparative analysis over time and between 
* 
regions of two dimensions of the urbanization process is pre- 
sented: namely, urbanization level and urban concentration. 
*Only two groups of countries, developed and less developed are 
examined here. The classification of countries into these two 
groups is that of the UN (1979). In that study, the definition 
of urban areas was that adopted by each country. 
I n  c o n t r a s t  t o  t h e  o t h e r  s t u d i e s ,  however ,  t h e  l e v e l s  o f  t h e  two 
d i m e n s i o n s  and t h e  change  i n  them a r e  e x - r i n e d  s i m u l t a n e o u s l y  
w i t h  t h e  h e l p  o f  a  new measure  t h a t  combines  them a n a l y t i c a l l y  
( h e r e a f t e r  c a l l e d  t h e  measure  o f  combined c h a n g e ) .  
The n u m e r i c a l  v a l u e s  t a k e n  by a  g i v e n  c o u n t r y  o r  r e g i o n  on  
t h e  two d i m e n s i o n s  a t  a  g i v e n  p e r i o d  o f  t i m e  a r e  c o n s i d e r e d  a s  
s p e c i f y i n g  t h e  c o u n t r y ' s  u r b a n i z a t i o n  " p o s i t i o n "  r e l a t i v e  e i t h e r  
t o  t h e  p o s i t i o n  o f  o t h e r  c o u n t r i e s  a t  t h e  same t i m e  p e r i o d ,  o r  
t o  i t s  own p o s i t i o n  a t  e a r l i e r  t i m e  p e r i o d s .  A s  u r b a n i z a t i o n  
p r o g r e s s e s  t h e s e  two d i m e n s i o n s  change  c o n c o m i t a n t l y ,  a l t h o u g h  
t h e  m a g n i t u d e  a n d / o r  t h e  d i r e c t i o n  o f  change  may d i f f e r .  A s  a  
r e s u l t ,  t h e  c o u n t r y  o r  t h e  r e g i o n  u n d e r  c o n s i d e r a t i o n  w i l l  move 
t o  a  new p o s i t i o n .  T h e r e f o r e ,  by t r a c i n g  t h i s  s i m u l t a n e o u s  
change  o v e r  t i m e  w e  w i l l  b e  a b l e  t o  f o l l o w  t h e  " p a t h "  o f  a g i v e n  
c o u n t r y  o r  r e g i o n  d u r i n g  t h e  c o u r s e  o f  u r b a n i z a t i o n .  These  p a t h s  
p r o v i d e  a n  e f f e c t i v e  t o o l  f o r  r e g i o n a l  and  t e m p o r a l  c o m p a r i s o n s .  
F u r t h e r m o r e ,  s i n c e  u r b a n i z a t i o n  i s  a  dynamic and  c u m u l a t i v e  p ro -  
cess, i t  i s  c o n s i d e r e d  l o g i c a l  t o  r e g a r d  t h e  amount o f  change  
t h a t  o c c u r r e d  d u r i n g  a g i v e n  y e a r  i n  a  g i v e n  d i m e n s i o n  a s  a  
q u a n t i t a t i v e  measu re  o f  t h e  demographic  "pe r fo rmance"  on  t h a t  
d i m e n s i o n  of  a g i v e n  c o u n t r y  o r  r e g i o n .  T h i s  l e d  t o  t h e  con- 
s t r u c t i o n  o f  a summary i n d e x  c a l l e d  t h e  pe r fo rmance  i n d e x ,  w i t h  
v a l u e s  be tween  z e r o  and  o n e  d e p e n d i n g  on  t h e  r e l a t i v e  o r  n e t  
change  i n  t h e  two u r b a n i z a t i o n  d i m e n s i o n s ,  which  g r e a t l y  f a c i l i -  
t a t e s  t h e  r e g i o n a l  and t e m p o r a l  compar i son .  
A l l  t h e  a n a l y s i s  p r e s e n t e d  i n  t h i s  p a p e r  i s  based  o n  a  s i m p l e  
f o r m u l a  t h a t  combines  t h e  two d i m e n s i o n s  a n a l y t i c a l l y .  The a n a l -  
y s i s  i s  done  w i t h  r e s p e c t  t o  two t y p e s  o f  p o p u l a t i o n ;  t h e  u r b a n  
p o p u l a t i o n  a s  d e f i n e d  i n  UN ( 1 9 7 9 )  and  t h e  " c i t y  p o p u l a t i o n "  
namely t h a t  p a r t  o f  t h e  u r b a n  p o p u l a t i o n  t h a t  l i v e s  i n  c i t i e s  o f  
a t  l e a s t  100 ,000  i n h a b i t a n t s .  A s  w i l l  b e  d e m o n s t r a t e d  l a t e r ,  t h e  
compar i son  be tween  t h e s e  two f a c e t s  o f  u r b a n i z a t i o n  i s  h i g h l y  
i n s t r u c t i v e .  I t  a l s o  f a c i l i t a t e s  r e l a t i n g  some p a r t  o f  t h e  
a n a l y s i s  t o  a  g i v e n  form o f  c i t y  s i z e  d i s t r i b u t i o n ,  namely,  t h e  
r a n k - s i z e  d i s t r i b u t i o n ,  which  a t t r a c t s  a  l o t  o f  i n t e r e s t .  
The p a p e r  c o n s i s t s  o f  f o u r  s e c t i o n s .  S e c t i o n  I i n t r o d u c e s  
t h e  measures  used t o  q u a n t i f y  t h e  d i m e n s i o n s ,  t h e  measure of  com- 
b ined  change and d i s c u s s e s  t h e i r  r e l a t i o n s h i p s .  The u r b a n i z a t i o n  
p a t h s  a r e  d i s c u s s e d  2nd i l l u s t r a t e d  i n  S e c t i o n  11. I n  S e c t i o n  
I11 t h e  performance  index  is d e f i n e d  and i t s  r e l a t i o n  w i t h  t h e  
r a n k - s i z e  d i s t r i b u t i o n  i s  examined. F i n a l l y ,  t h e  p a p e r  e n d s  w i t h  
a summary and s u g g e s t i o n s  f o r  f u r t h e r  a p p l i c a t i o n s  of t h e  i d e a s  
p r e s e n t e d  i n  t h e  p a p e r .  
A l l  t h e  computa t ions  p r e s e n t e d  t h r o u g h o u t  t h e  paper  are 
based on T a b l e  4 . 4  o f  UY ( 1 9 7 9 ) ,  which g i v e s  p o p u l a t i o n ,  number 
of  c i t i e s ,  and p e r c e n t a g e  o f  u rban  p o p u l a t i o n  i n  a g i v e n  s i z e  
c l a s s  o r  above (1950-1975),  by wor ld ,  developed and less deve loped  
r e g i o n s ,  major  a r e a s ,  and r e g i o n s .  I t  i s  i m p o r t a n t  t o  n o t e  h e r e  
t h a t  t h e  d a t a  f o r  1975 d o  n o t  i n c l u d e  some c i t i e s  t h a t  have g rad-  
u a t e d  t o  a s i z e  class  of  100,000+ between 1970 and 1975, b u t  it 
was d e c i d e d  t o  i n c l u d e  them i n  t h e  a n a l y s i s  f o r  t h i s  p a p e r .  
I. URBANIZATION LEVEL, URBAN CONCENTRATION, AND A MEASURE OF 
COMBINED CHANGE: OVERALL RELATIONSHIPS 
L e t  n  be  t h e  number o f  c i t y  s i z e  classes t h a t  encompass 
t h e  u rban  p o p u l a t i o n  i n  a  g i v e n  a r e a  ( c o u n t r y  o r  r e g i o n ) ,  w i t h  
u  r e f e r r i n g  t o  t h a t  p a r t  o f  t h e  p o p u l a t i o n  t h a t  l i v e s  i n  t h e  i t h  i 
s i z e  c l a s s ,  and u  b e i n g  t o t a l  u rban  p o p u l a t i o n  and 
A l l  t h e  obse rved  c i t y  s i z e  d i s t r i b u t i o n s  ( e i t h e r  c r o s s -  
n a t i o n a l l y  o r  l o n g i t u d i n a l l y )  c o u l d  be  looked on a s  l y i n g  between 
two ext reme c a s e s ;  t h e  c a s e  o f  comple te  c o n c e n t r a t i o n  i n  one  s i z e  
c l a s s  (u i /u)  = 1  f o r  some i ,  and ( u . / u )  = 0 f o r  each  j # i, and 
' 1  t h e  c a s e  o f  comple te  evenness  ( u . / u )  = - f o r  a l l  i . Our f i r s t  
1 n  
o b j e c t i v e  i s  s imply  t o  c o n t r a s t  t h e  r e g i o n a l  and t h e  t e m p o r a l  
d i f f e r e n c e s  i n  u rban  c o n c e n t r a t i o n  by examining t h e  movements o f  
t h e  c o r r e s p o n d i n g  c i t y  s i z e  d i s t r i b u t i o n  between t h e s e  two ex- 
tremes. S i n c e  movement towards  o n e  ex t reme  i m p l i e s  movement away 
from t h e  o t h e r ,  it i s  s u f f i c i e n t  t o  u s e  one  c a s e  o n l y  a s  a "bench- 
mark" f o r  compar ison.  
To facilitate the comparison we need a summary measure (ag- 
gregate) of the extent of concentration among different size 
classes. The first such measure that comes to mind is the sum 
of absolute deviations between the observed proportions (u./u) 
1 
and the corresponding ones for the case of complete evenness 
1 )  This is an easy measure to calculate and to interpret. 
However, its major disadvantage is that it is difficult to manip- 
ulate algebraically. An alternative measure which has been sug- 
gested by Berry (1971) in this connection, although no application 
was given, is the entropy of the distribution. Considering (u./u) 
1 
as the probability that a randomly selected individual of the 
urban population be found in the ith size class, the entropy of 
this distribution, according to Theil (1972) is given by 
where In is the natural logarithm. Theil (1972) gives an exten- 
sive and comprehensive utilization of the entropy as a general 
measure of "dividedness" or concentration. 
H is zero when there is a complete concentration of urban 
population in one size class. The maximum value of H is In (n), 
where n is the number of size classes, and will only be reached. 
when there is a complete evenness in the distribution, i.e., 
* 
when all probabilities are equal to I n .  Therefore, an in- 
creasingly skewed distribution is one in which H is decreasing. 
The entropy H will be our measure of the overall degree of 
urban concentration, and will, as mentioned earlier, be con- 
trastedin some parts of the paper with the case of uniform dis- 
tribution. However, this does not imply that we regard the 
uniformity of urban population distribution among different size 
classes as the optimum distribution. Simply, we need a standard 
distribution (or a standard value of H) for comparative purposes, 
and the uniform distribution fulfills this need. 
*This is only correct if all size classes are of equal length. 
If not, as in our case, then the probabilities have to be changed 
accordingly. In this case the maximum value of H (which can be 
reached empirically) will be less than In (n). However, for 
simplicity, In (n) will be used here as the maximum value. 
Following the UN (1979), seven city size classes will be used 
with the first class consisting of all cities with less than 
100,000 inhabitants and the last class consisting of cities with 
four million inhabitants or more. In this case, n = 7 and we 
have 
7 ui u 
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1 
Let PC be that part of urban population that lives in cities 
of 100,000 inhabitants or more. To distinguish this population 
from the total urban population, it will be referred to as the city 
population. Letting Pci be that part of city population that 




where PC = 1 PC . Similarly, Hc will be used to measure the 
1 * 
level of concentration of city population. 
Tables 1 and 2 show the individual probabilities and the 
corresponding entropies for both urban and city populations, for 
developed and less developed countries from 1950 to 1975. This 
table shows that entropy H for the urban population is increasing 
over time for both developed and less developed countries, with 
larger increases in the case of developed countries. This is 
also accompanied by increasing concentration in the last size 
class (four million or more). There is no contradiction here 
since H measures the overall change in the distribution. Although 
it is not presented here, the sum of absolute differences between 
*One may question the use of the entropy as a comparative measure 
of the overall shape of a given distribution since two completely 
different sets of probabilities can lead to the same value of the 
entropy. However, this point is not relevant to our use of the 
entropy as a measure of the closeness to the uniform distribution, 
since for a given number and division of classes, the entropy will 
increase (decrease) if and only if, there is a movement towards 
(away from) the uniform distribution. 


the individual probabilities and the uniform probabilities (l/n) 
declined by 24 percent in the case of developed countries and by 
10 percent in the case of less developed countries during the 
period 1950 to 1970. There is no clear trend in the case of city 
population and this will be exposed clearly in the next section. 
The most common measure of the degree of urbanization or 
urbanization level is the proportion (or percentage) of the total 
population that lives in urban areas. It will be used here to 
quantify the first dimension of the urbanization process. Thus 
let, 
be the degree or level of urbanization for a given country or 
region in year t, where u is the urban population, and T the 
total population. 
As urbanization proceeds boththe level of urbanization (a) 
and urban distribution (ui/u) change, which results in the 
changing of the individual components (ui/T). These components 
show how the level of urbanization is distributed among differ- 
ent city size classes. Thus the changing pattern of (u./T) over 
1 
time reflects the simultaneous, or the "combinedu,change in the 
level a and in the distribution (u./u) . 
1 
To measure the overall change in the distribution of the 
level of urbanization, a formula equivalent to that used in de- 
fining the entropy H immediately suggests itself: 
which is minus the weighted average of In (u./T). By dividing 
1 
both sides of equation (4) by a, the new weights (ui/u) now sum 
to one and the new measure: 
is equal to minus the expected value of In (ui/T). It follows 
immediately that 
* 
In (a) = H . -  H 
and thus 
Since for a given number of city size classes (n): 
0 5 H l ln (n) 
it follows that 
* 
For a given level of urbanization, H reaches its maximum with 
complete evenness of urban distribution. 
Equation (6) shows that when a = 1, the measure of the corn- 
* 
bined change reduces to the entropy of the distribution. H is 
always larger than H, and the smaller the level of urbanization, 
* 
the larger H is in relation to H. Two countries with the same 
* 
urbanization level will have different values of H if they have 
different urban distribution (ui/u). Two similar sets of (u./u) 
* 1 
will result in different values of H when they are combined with 
two different values of a. Also two similar values of the entropy 
H can result from two different sets of (ui/u), however, unless 
the two corresponding levels of urbanization are equal, the mea- 
* 
sure H will take two different values. 
Equation (7) shows that the level of urbanization is equal 
-H* to the product of two components: eH and e . Figure 1 shows 
the plot of three contour lines using equation (7). Each line 
represents all the different combinations of the two components 
(eH and e-H*) that give the same level of urbanization, .1, - 5 ,  
or 1. 

With r e s p e c t  t o  c i t y  popu la t ion ,  we have 
and 
* 
l o g  ( c )  = Hc - Hc 
* * 
Tables  3 and 4 g i v e  t h e  d i f f e r e n t  va lues  of H and Hc over  
t h e  per iod  1950-1975 f o r  developed and less developed c o u n t r i e s .  
* 
The va lues  of H , d e c l i n e  ove r  t ime ( t h i s  is  t r u e  f o r  urban and 
* 
c i t y  popu la t ions ,  excep t  i n  1960, a t  which t i m e  Hc was l a r g e r  
than  t h a t  of 1955) .  The magnitude of  t h e  d e c l i n e  depends ( a s  
w e  s h a l l  see) on t h e  r e l a t i v e  change of a ( o r  c )  and H ( o r  H c ) .  
The two measures o f  t h e  l e v e l s  a and c a r e  g iven  a t  t h e  
b o t t o m o f T a b l e s  3 and 4 ,  r e s p e c t i v e l y ,  each a s  t h e  sum of  i t s  
i n d i v i d u a l  components; (ui/T) i n  t h e  ca se  of a and (Pci/u) i n  
t h e  c a s e  o f  c .  
The equa t ions  t h a t  d e f i n e  t h e  measure of combined change 
* ( H  ) l end  themselves  e a s i l y  t o  a d i f f e r e n t  kind o f  comparison, 
namely, s t anda rd i zed  comparisons, which, t o  t h e  au tho r  ' s knob7- 
l edge ,  has  n o t  been done i n  t h i s  c o n t e x t  b e f o r e .  However, a pre-  
r e q u i s i t e  t o  t h i s  i s  t h e  i n t e r p r e t a t i o n  o f  t h e  r e g i o n a l  and 
* 
temporal  v a r i a t i o n s  of  t h e  v a l u e s  of  H a s  shown by Tables  3 and 
4 .  This  w i l l  be done i n  t h i s  paper ,  whi le  d e f e r r i n g  t h e  s tand-  
a r d i z e d  a n a l y s i s  t o  a f u t u r e  work. 
m q m - e - e c ~ o  
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11. THE U R B A N I Z A T I O N  PATHS 
A s  u r b a n i z a t i o n  p r o g r e s s e s  o r  e v o l v ~ s ,  t h e r e  e x i s t s  a  s imul-  
t a n e o u s  change i n  t h e  l e v e l  o f  u r b a n i z a t i o n  and t h e  d e g r e e  o f  
urban c o n c e n t r a t i o n  a l t h o u g h  t h e  magnitude and t h e  d i r e c t i o n  o f  
change may d i f f e r .  E q u a t i o n  ( 8 )  and s i m i l a r l y  e q u a t i o n  (11)  
which show t h a t  t h e  l e v e l  o f  u r b a n i z a t i o n  can  be f a c t o r e d  t o  be  
H 
a  p r o d u c t  o f  two components: a  c o n c e n t r a t i o n  component (e  ) and 
a n o t h e r  component which combines t h e  change i n  t h e  l e v e l  and i n  
c o n c e n t r a t i o n  (e-H*) , c a n  b e  used t o  t r a c e  g r a p h i c a l l y  t h o s e  
s i m u l t a n e o u s  changes .  F i g u r e s  2 and 3 show t h e  obse rved  u rban iz -  
a t i o n  p a t h s  f o r  urban p o p u l a t i o n  and f o r  c i t y  p o p u l a t i o n .  I n  
-H* b o t h  f i g u r e s  t h e  h o r i z o n t a l  s c a l e  shows t h e  v a l u e s  o f  (e ) 
H 
w h i l e  v a l u e s  o f  t h e  (e  ) a r e  p l o t t e d  a l o n g  t h e  v e r t i c a l  s c a l e .  
The c o r r e s p o n d i n g  v a l u e s  of  t h e  u r b a n i z a t i o n  l e v e l  ( a  o r  c )  c a n  
b e  r e a d  by r e l a t i n g  t h e  p o i n t  which r e p r e s e n t s  a  g i v e n  combina- 
H t i o n  of  (e ) and (e-H*) t o  one  o f  t h e  t h r e e  c o n t o u r  l i n e s  shown 
i n  t h e  same g raph .+  Each l i n e  r e p r e s e n t s  t h e  c o l l e c t i o n  of  a l l  
H -H* p o s s i b l e  combina t ions  of  (e ) and (e ) which r e s u l t  i n  t h e  same 
l e v e l  o f  .2 ,  . 4 ,  o r  .6  i n  t h e  c a s e  o f  urban p o p u l a t i o n ,  and .5 ,  
. 6 ,  o r  .7 i n  t h e  c a s e  o f  c i t y  p o p u l a t i o n .  The p a t h s  a r e  shown 
a s  l i n e s  c o n n e c t i n g  t h e  d i f f e r e n t  p o i n t s  i n  t h e  d i r e c t i o n  o f  t h e  
a r rows ,  w i t h  t h e  f i r s t  p o i n t  r e f e r r i n g  t o  1950 and t h e  l a s t  t o  
1975. 
To f a c i l i t a t e  t h e  compar ison,  two h y p o t h e t i c a l  p a t h s  ( a )  
and ( b ) ,  hav ing  t h e  same i n i t i a l  p o s i t i o n  a s  t h e  obse rved  p a t h ,  
a r e  drawn i n  F i g u r e  2  f o r  b o t h  developed and less developed coun- 
t r ies .  I n  p a t h  ( a )  w e  assumed t h a t  b e g i n n i n g  from t h e  second 
p e r i o d  ( 1 9 5 5 ) ,  t h e  amount of change ( i n c r e a s e )  i n  t h e  l e v e l  o f  
u r b a n i z a t i o n  w i l l  e q u a l  t h e  obse rved  change i n  t h e  l e v e l  o f  con- 
c e n t r a t i o n .  P a t h  ( a )  t h e n ,  i s  t h e  p a t h  o f  e q u a l  change.  Accord- 
i n g l y ,  a  c o u n t r y  hav ing  t h e  same i n i t i a l  p o s i t i o n  b u t  f o l l o w i n g  
p a t h  ( a )  would have  d i f f e r e n t  l e v e l s  of  u r b a n i z a t i o n  i n  e a c h  t i m e  
p e r i o d  ( f rom e i t h e r  developed o r  less deve loped  c o u n t r i e s ,  a s  i s  
f ~ h e  approach  of  drawing t h e  c o n t o u r  l i n e s  on t h e  same g raph  t h a t  
shows t h e  v a l u e s  o f  t h e  two components i s  s i m i l a r  t o  t h a t  used by 
Coa le  e t  a!.. (1979) t o  a n a l y z e  t h e  changes  i n  f e r t i l i t y  i n  Russ ia .  
path (a) : observed l e v e l s  o f  
c onc e n t r a t i on  wi th  
d i f f e r e n t  urkaniza- 
t i o n  l e v e l s .  
p a t h  (b) : observed l e v e l s  of 
u r t a n i z a t i o n  and 
c o n s t a n t  concentra-  
t i o n  l e v e l .  
\ L O C ~  o f  \ 
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I l e v e l  and d i f f e r e n t  
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c oun t r i e s  
Figure 2. The urbanization path (urban population): changes 
in urbanization level (a) and urban concentration, 
observed and hypothetical paths; developed and 
less developed countries, 1950-1975. 
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impl ied by t h e  p o s i t i o n  of t h e  contour  1 i n e s ) b u t t h e  sameconcentra-  
t i o n  l e v e l .  On t h e  o t h e r  hand, pa th  ( b )  i s  t h e  pa th  t h a t  would 
have m a t e r i a l i z e d  i f  t h e  i n i t i a l  l e v e l  o f  c o n c e n t r a t i o n  was kep t  
c o n s t a n t  f o r  t h e  whc1.e pe r iod ,  whi le  t h e  u r b a n i z a t i o n  l e v e l  in -  
c r eased  a s  observed.  Pa th  (b )  then  i s  t h e  p a t h  of ze ro  change 
i n  concen t r a t i on .  The observed p a t h  of  cou r se ,  l i e s  between 
t h e s e  two extremes.  
The comparison between t h e  observed p a t h s  can be made d i -  
r e c t l y  o r  by t h e i r  r e l a t i v e  p o s i t i o n  t o  t h e  h y p o t h e t i c a l  p a t h s  
( a )  and/or ( b ) .  I n  g e n e r a l ,  t h e  c l o s e r  t h e  observed p a t h  i s  t o  
t h e  v e r t i c a l  p a t h  ( a )  t h e  c l o s e r  t h e  change i n  c o n c e n t r a t i o n  i s  
t o  t h e  change i n  t h e  u r b a n i z a t i o n  l e v e l  and v i c e  versa. '  Thus 
t h e  r e l a t i v e  p o s i t i o n  of t h e  two observed p a t h s  t o  t h e  pa.th ( a )  
i n d i c a t e  t h a t  t h e  d i f f e r e n c e  between t h e  magnitude of change i n  
t h e  two dimensions of t h e  u r b a n i z a t i o n  p roces s  i s  becoming 
l a r g e r  over  t ime  wi th  a  much l a r g e r  d i f f e r e n c e  i n  t h e  c a s e  o f  
less developed c o u n t r i e s .  Any p a t h  t h a t  l i e s  between p a t h  ( a )  
and t h e  observed p a t h  w i l l  pass  through t h e  h o r i z o n t a l  l i n e s  t h a t  
connect  t h e  b lack  d o t s  on t h e  two p a t h s  (shown f o r  t h e  developed 
c o u n t r i e s )  and t h u s  t h e  i n t e r s e c t i o n  p o i n t s  w i l l  have t h e  same 
c o n c e n t r a t i o n  l e v e l  a s  t h e  observed p a t h  bu t  w i t h  a  d i f f e r e n t  
u r b a n i z a t i o n  l e v e l  (a). 
The observed p a t h  f o r  t h e  less developed c o u n t r i e s  i s  c l o s e r  
t o  t h e  h y p o t h e t i c a l  p a t h  ( b )  than  t h a t  o f  developed c o u n t r i e s  
( e s p e c i a l l y  i n  t h e  f i r s t  two t i m e  p e r i o d s )  and t h u s  i n d i c a t e s  a  
f a s t e r  u rban iza t i ,on  tempo and a  f a s t e r  d e c l i n e  i n  t h e  measure 
of combined change H*. The l i n e s  t h a t  connect  t h e  b l ack  d o t s  
on t h e  observed p a t h  w i th  t h o s e  i n  t h e  p a t h  ( b )  r e p r e s e n t  t h e  
same obse rva t ion  l e v e l s .  Thus any p a t h  t h a t  l ies  between t h e  
observed p a t h  and t h e  p a t h  (b)  w i l l  achieve  t h e  same observed 
l e v e l  of u r b a n i z a t i o n  i n  each t i m e  p e r i o d  w i t h  d i f f e r e n t  con- 
c e n t r a t i o n  l e v e l s .  
'AS w i l l  be made c l e a r  i n  t h e  nex t  s e c t i o n ,  t h e  f a c t  t h a t  t h e  
two observed pa ths  a r e  t o  t h e  r i g h t  of  p a t h  ( a ) ,  i s  due t o  bo th  
changes having equa l  (and p o s i t i v e )  s i g n s .  
Thatthe regional and temporal evolutionofthe urbanization 
dimensions can be shown compactlyina gz2phic form is illustrated 
again in Figure 3, which shows the observed paths for city popu- 
lation. This figure will not be commented upon here, except to 
notice that almost no change in the level of concentration was 
made during the 25 years for both developed and less developed 
countries. 
111. THE PERFORMANCE INDEX 
As we have seen,thetwo dimensions of the urbanization pro- 
cess, as they are considered here, change simultaneously during 
the course of urbanization although the magnitude and the direc- 
tion of change may differ regionally and/or temporally. The 
last observation is very clearly demonstrated in Figure 3 which 
shows the urbanization path for city population. In this section 
an examination of the pattern of the change in the two 
dimensions will be presented.? The amount of this change will 
then be used to construct an index which can be used to summarize 
the relative performance during the course of urbanization, as it 
is reflected by these two dimensions for a given country or re- 
gion. 
Let at, at+5, and Ht, Ht+5 represent two consecutive values 
of levels of urbanization and the degree of urbanization concen- 
tration for a given country or region. The change in the second 
dimension may be represented by the difference AH = Ht+5 - Ht. 
Assuming exponential mode of growth in the level of urbaniza- 
tion between (t) and (t+5), the amount of change in the first 
dimension is conventionally measured as ln(at+5/at) = 5 r,, where 
r is the average rate of growth between (t) and (t+5). Similarly 
a, 
AHc and 5 r, may be defined with respect to city population. How 
are these two amounts of change related? Figure 4 summarizes 
all possible cases together with a plot of the actual values 
which are also given in Table 5. It is clear that the empirical 
?without loss of generality, and in accordance with the data set 
used in this study, we only consider a 5-year time period. 
x l e s s  developed countr i e s  
developed countr i e s  
,,city populhtion l e s s  
developed countr i e s  
1 1 1950-55 
urban population 
F i g u r e  4 .  R e l a t i o n s h i p  between change  i n  t h e  l e v e l  o f  u r b a n i z a t i o n  (5r.I 
and change i n  t h e  d e g r e e  o f  c o n c e n t r a t i o n  ( A H ) :  p o s s i b l e  
c a s s e s  and a c t u a l  v a l u e s ,  deve loped  and less deve loped  coun- 
t r ies ,  1950-1975. 
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range of variations is very narrow compared to the possible one. 
In additiontall the points (except one) lie below the 45O line 
which indicates (as expected) that the magnitude of change in 
the level of urbanization is larger than that of the degree of 
concentration. Finally, it seems that the last 10-15 years 
show an almost constant change in the urbanization level, to- 
gether with a tendency to increase in concentration for both 
developed and less developed countries. 
This kind of comparison is greatly facilitated using the 
measure of combined change H* . Recall equation (6) : 
* * 
It is easy to see that given Ht, Ht+5 we have : 
* * * 
Ht+5 - H~ = AH = A H -  5 rc 
and similarly 
Thusthe change i? the values of the measure of the combined 
change is the "net1' change in the two dimensions between two 
points in time. This explains the empirical trend in the values 
* 
of H which were given in Tables 3 and 4, namely, its decline 
over time with a faster decline in the case of less developed 
countries. A quick comparison of the relative magnitude of 
change in the two urbanization dimensions can thus be made by 
* just examining how H changes over time. 
Regarding the magnitude of change in a given dimension in 
a given period as a quantitative measure of the performance on 
that dimension in that period, the amount of change in the two 
dimensions may then be considered as a measure of the overall 
performance during the same period.. Among. the different ways 
which can be used to relate the change in the two dimensions 
to each other, we have chosen the form given by equations (12) 
and (13). Apart from its additivity, which makes it simple to 
interpret, it will be shown in a subseq~ent paper that it can be 
disaggregated quite easily by individual city size classes and 
thus can be used to evaluate the relative contribution of each 
size class to the change in the urbanization level and/or in the 
overall shape of the distribution of urban population. 
Since empirically the left hand side of equation (12) or 
(13) is negative in most cases, the performance index is defined 
as follows: 
* * 
where AH (obs.) is the observed value in a given year, AH (min.) 
is the minimum possible value, which can be either theoretically 
* 
defined or empirically observed asd AH (max.) is the maximum 
possible value. For the purpose of this paper, the minimum and 
maximum value for each of the two components of the right hand 
side of equation (13) are defined as follows: 
0 1 (AH) 1 In (n) 
where n = 7 for urban population and n = 6 for city population. 
Thus we have: 
and 
* 
AH (t) + . 5  
= 2.2918 
for urban population 
for city population 
* 
I n  t h e  c a s e  of  e q u a l  change ( A H  = O ) ,  I* t a k e s  t h e  v a l u e s  .2044 
and .2182 f o r  urban and c i t y  p o p a l a t i o n  r e s p e c t i v e l y .  F i g u r e  5  
shows t h e  p l o t s  o f  t h e  v a l u e s  o f  t h e  index  t aken  by developed 
and less developed c o u n t r i e s  t o g e t h e r  w i t h  t h e  l i n e  o f  equa l  
change. Except  f o r  t h e  p e r i o d  1955-1960, f o r  c i t y  popu la t i on ,  
a l l  t h e  v a l u e s  a r e  below t h e  l i n e  o f  e q u a l  change. Th is  i s  t o  
be expec ted  because  o f  t h e  h igh  n e g a t i v e  c o n t r i b u t i o n  o f  t h e  
tempo o f  u r b a n i z a t i o n  t o  t h e  index va lue  ( e x c e p t  f o r  t h e  pe r iod  
1955-1960 i n  which t h e  p r o p o r t i o n  o f  urban p o p u l a t i o n  l i v i n g  i n  
c i t i e s  of  a t  l e a s t  100,000 i n h a b i t a n t s  d e c l i n e d  from i t s  prev ious  
v a l u e  i n  less developed c o u n t r i e s ) .  The developed c o u n t r i e s  i n  
g e n e r a l  s c o r e  h ighe r  v a l u e s  on t h i s  index  t h a n  t h e  less developed 
c o u n t r i e s .  
I t  i s  c l e a r  from t h e  way t h i s  index  i s  c o n s t r u c t e d ; t h a t  f o r  
a  g iven  change i n  t h e  u r b a n i z a t i o n  l e v e l ,  a  h i g h e r  t h a n  o t h e r w i s e  
s c o r e  i s  p o s s i b l e  o n l y  w i t h  a  l a r g e r  (and p o s i t i v e )  change i n  OH,  
i . e . ,  w i t h  a  l a r g e r  d e c r e a s e  i n  t h e  measure o f  u rban  concen t ra -  
t i o n .  T h i s  e x p l a i n s  t h e  r e l a t i v e l y  h i g h e r  s c o r e s  f o r  t h e  deve l -  
oped c o u i t r i e s .  
F i n a l l y  a n o t h e r  p o t e n t i a l l y  u s e f u l  and i n t e r e s t i n g  u t i l i z a -  
t i o n  o f  t h e  index  h a s  been sugges ted  by t h e  d a t a .  I t  has  been 
no ted  t h a t  t h e  d i s t r i b u t i o n  o f  popu la t i on  among c i t i e s  of  v a r i o u s  
s i z e s  ve ry  o f t e n  c l o s e l y  fo l l ows  a q u i t e  s imp le  s t a t i s t i c a l  r u l e ,  
u s u a l l y  termed t h e  " r ank - s i ze "  d i s t r i b u t i o n .  According t o  one 
v e r s i o n  o f  t h i s  s t a t i s t i c a l  g e n e r a l i z a t i o n  when s i z e  of  p l a c e  
c a t e g o r i e s  a r e  r e l a t e d  s o  t h a t  t h e  upper and lower l i m i t s  of 
each s i z e  c l a s s  r e p r e s e n t  a  doubl ing  o f  t h o s e  i n  t h e  n e x t  lower 
s i z e  c l a s s ,  t h e  amount o f  popu la t i on  i n  each  s i z e  group w i l l  t e n d  
t o  be c o n s t a n t . ?  I n  UN (1979) a  g r a p h i c a l  comparison of  t h e  s i z e  
d i s t r i b u t i o n  of  c i t i e s  i n  t h e  major r e g i o n s  o f  t h e  world f o r  
1970 w a s  p r e s e n t e d  and it was e v i d e n t  t h a t  ( i n  t h i s  y e a r )  t h e  
r ank - s i ze  d i s t r i b u t i o n  was c l o s e l y  fo l lowed .  Here w e  fo l l ow  a  
d i f f e r e n t  approach.  For each  t i m e  p e r i o d ,  1950, 1955, t o  1975, 
w e  f i t t e d  a  r ank - s i ze  d i s t r i b u t i o n  f o r  developed and less deve l -  
oped c o u n t r i e s .  The sum of  t h e  a b s o l u t e  p r o p o r t i o n a l  d i f f e r e n c e s  
t ~ o r  a  s u b s t a n t i v e  and t h e o r e t i c a l  d i s c u s s i o n  o f  t h i s  d i s t r i b u -  
t i o n ,  see Berry  (1971) .  
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Figure 5. Values of the performance index. 
between t h e  observed (0)  and t h e  expected (E) numbers were com- 
puted f o r  each p e r i o d ,  i . e . ,  
The change i n  t h i s  t o t a l  between two time p e r i o d s  was a l s o  com- 
pu ted ,  i . e . ,  t h e  amount 
which i s  shown a t  t h e  bottom of Table 5. This  amount was con- 
t r a s t e d  wi th  t h e  v a l u e  of  t h e  performance index IA i n  t h e  form 
of a s c a t t e r  diagram shown i n  F igu re  6 .  The s t r o n g  n e g a t i v e  
r e l a t i o n s h i p  between t h e  two i n d i c e s  i s  r e a d i l y  apparen t .  Note 
i n  p a r t i c u l a r  t h a t  t h e  l a r g e s t  r educ t ion  i n  t h e  a b s o l u t e  devia-  
t i o n  i n  t h e  c a s e  of  less developed c o u n t r i e s  i s  a s s o c i a t e d  wi th  
t h e  l a r g e s t  va lue  o f  IA. Agai.n t h e  l a r g e s t  i n c r e a s e  i n  t h e  ab- 
s o l u t e  d e v i a t i o n  f o r  developed c o u n t r i e s  i s  a s s o c i a t e d  wi th  t h e  
s m a l l e s t  v a l u e  of t h e  index IA. The emphasis he re  on t h e  temporal  
change i n  t h e  v a r i a b l e s  ( n o t  on t h e  l e v e l s  themselves)  i s  impor- 
t a n t  s i n c e  u r b a n i z a t i o n  i s  a dynamic and n.ot a s t a t i c  p roces s ,  
A s  mentioned above, t h e  two t e r m s  on t h e  r i g h t  hand s i d e  of 
equa t ion  (13)  can be d i sagg rega t ed  by c i t y  s i z e  c l a s s .  With t h e  
h e l p  of a l a r g e r  set  of  d a t a ,  t h i s  f a c t  w i l l  be used t o  examine 
t h e  aforementioned r e l a t i o n s h i p  i n  g r e a t e r  d e t a i l .  
I V .  SU-MMARY AND SUGGESTIONS FOR FURTHER APPLICATIONS 
An a t t empt  has  been made t o  examine t h e  development of  t h e  
u r b a n i z a t i o n  process  i n  two b a s i c  d inens ions :  u r b a n i z a t i o n  
l e v e l  and urban concen t r a t i on .  
To f a c i l i t a t e  t h e  r e g i o n a l  and temporal  comparisons, a  sun- 
rrary n;ea.sure t h a t  combines t h e  two dimensions a n a l y t i c a l l y  i s  
in t roduced  and i t s  u s e  i s  i l l u s t r a t e d  wi th  d a t a  compiled i n  UN 
;ie~.,clsped 
0 less developed 
Figure 6. Values of the performance index (city population) 
versus a summary measure of the deviation from the 
rank-size distribution, developed and less devel- 
oped countries, 1950-1975. 
(1979) .  The h i s t o r i c a l  development of t h e  two dimensions,  to -  
g e t h e r  w i th  t h e  new measure,has been d z p i c t e d  on a  graph which 
shows compactly t h e  path  t h a t  has  been f ~ l l o w e d  i n  t h e  course  
of u r b a n i z a t i o n .  
F i n a l l y ,  a  comparative index wi th  v a l u e s  kstween z e r o  and 
one,  c a l l e d  t h e  performance index,  w a s  de f ined  and was found t o  
be s t r o n g l y  (a l though  t e n t a t i v e l y )  r e l a t e d  t o  a  summary measure 
of t h e  d e v i a t i o n s  between t h e  observed urban d i s t r i b u t i o n  and 
t h e  e m p i r i c a l l y  common rank - s i ze  d i s t r i b u t i o n .  I t  w i l l  be shown 
i n  a  subsequent  paper  t h a t  t h i s  index (when disagg ' regated hy 
c i t y  s i z e  c l a s s e s )  can be e x p l i c i t l y  r e l a t e d  t o  t h e  growth r a t e  
of urban popu la t ion ,  t h e  growth r a t e s  of t h e  i n d i v i d u a l  s i z e  
c l a s s e s ,  and a  weighted f u n c t i o n  of  t h e  s i z e  o f  t h e  popu la t ion  
i n  each  c l a s s .  
One r e s u l t  o f  t h i s  decomposit ion i s  t h a t  it now becomes 
p o s s i b l e  t o  apply  t h e  d i f f e r e n t  t echniques  of s t . anda rd i za t ion  
( f a m i l i a r  i n  f e r t i l i t y  and m o r t a l i t y  comparisons) t o  t h e  analy-  
sis of t h e  demographic a s p e c t s  of u r b a n i z a t i o n .  I n  t h e  mean- 
t i m e ,  however, w e  would l i k e  t o  sugges t  t h e  p o s s i b l e  u s e s  of  
t h e  i d e a s  presen ted  i n  t h i s  paper  i n  a more g e n e r a l  way. 
Given a  t o t a l  t h a t  i s  d iv ided  i n t o  components, it i s  always 
i n t e r e s t i n g  t o  compare t h e  change i n  t h a t  t o t a l  ( i n  t e r m s  of 
both  t h e  magnitude and d i r e c t i o n  of  change) w i t h  t h e  change i n  
t h e  o v e r a l l  importance o f  i n d i v i d u a l  components, namely t h e  
change i n  t h e i r  p r o p o r t i o n a l  c o n t r i b u t i o n  t o  t h e  t o t a l .  
An immediate f i e l d  of a p p l i c a t i o n  is  f e r t i l i t y ,  where t h e  
t o t a l  can be  r ep re sen ted  by t o t a l  f e r t i l i t y  r a t e  (TFR) and t h e  
i n d i v i d u a l  components a r e  t h e  a g e - s p e c i f i c  f e r t i l i t y  r a t e s .  Thus 
we immediately have 
H~ = - 1 f ( i )  l o g  ( f c i , )  
* 
HF = - 1 f (i) log  ( F ( i ) )  
and 
* 
HF - HF = l o g  (TFR) 
where F ( i )  i s  t h e  a g e - s p e c i f i c  f e r t i l i t y  r a t e s  and  TFR = F ( i )  
i 
i s  t h e  t o t a l  f e r t i l i t y  r a t e  and  f  (i)  = F ( i ) / T F R  w i t h  
* 1 f  ( i )  = 1 .  HF w i l l  g i v e  t h e  combined e f f e c t  o f  t h e  c h a n g e  i n  
t h e  t i m i n g  o f  f e r t i l i t y  r e p r e s e n t e d  by t h e  change  i n  s h a p e  o f  
t h e  p r o p o r t i o n a l  c o n t r i b u t i o n  o f  t h e  r e p r o d u c t i o n  a g e s  t o  TFR 
f ( i )  and  o f  t h e  change  i n  a v e r a g e  f a m i l y  s i z e  r e p r e s e n t e d  by 
TFR. We may a l s o  d e f i n e  a  f e r t i l i t y  p a t h  s i m i l a r  t o  t h e  urban-  
i z a t i o n  p a t h  d e f i n e d  e a r l i e r .  T h i s  c a n  b e  u s e d  e f f e c t i v e l y  i n  
c o m p a r a t i v e  a n a l y s i s  o v e r  t i m e  and  a c r o s s  s p a c e  o f  t h e  change  i n  
t h e s e  two d i m e n s i o n s  o f  f e r t i l i t y .  
The s a n e  a p p r o a c h  c a n  b e  a p p l i e d  t o  t h e  m i g r a t i o n  by r e p l a c -  
i n g  TFR w i t h  GMR ( G r o s s  M i g r a p r o d u c t i o n  R a t e )  a n d  F  (i)  by M (i) ,
t h e  a g e - s p e c i f i c  m i g r a t i o n  r a t e ;  C a s t r o  and  Rogers  ( 1 9 7 9 ) .  
With r e s p e c t  t o  m o r t a l i t y ,  K e y f i t z ' s  (1977)  a n a l y s i s  o f  t h e  
e f f e c t  o f  a  u n i f o r m  change  i n  d e a t h  r a t e s  on  t h e  e x p e c t a t i o n  o f  
l i f e  i s  i n  t h e  same l i n e .  H i s  q u a n t i t y  H d e r i v e d  a s  t h e  p r o p o r -  
t i o n a l  change  i n  t h e  e x p e c t a t i o n  o f  l i f e  h a s  t h e  same f o r m  
* 
a s  o u r  measu re  H w i t h  l ( a )  p l a y i n g  t h e  r o l e  o f  (ui /T)  . 
* 
F i n a l l y  it i s  i n t e r e s t i n g  t o  n o t e  t h a t  o u r  measu re  H may 
b e  made ( a f t e r  a  s u i t a b l e  c h a n g e  i n  s c a l e )  t o  h a v e  t h e  same fo rm 
a s  t h e  q u a n t i t y  $, d e f i n e d  a s  t h e  r e p r o d u c t i v e  p o t e n t i a l  and 
d e r i v e d  u s i n g  some c o n c e p t s  f rom s t a t i s t i c a l  mechan ic s  and  a s -  
suming s t a b l e  a g e  d i s t r i b u t i o n ,  i n  Demet r iu s  (1980! . 
T h i s  f u n c t i o n  h a s  t h e  fo rm 
where 1 i s  t h e  p r o b a b i l i t y  o f  s u r v i v i n g  t o  a g e  j ,  m i s  t h e  f e -  j j  
c u n d i t y  a t  a g e  j  and  p  = ( 1 .  m . / A 3 )  , A b e i n g  t h e  g r o w t h  r a t i o .  j 3 I 
No a p p l i c a t i o n  was g i v e n ,  however .  The u t i l i z a t i o n  a n d  t h e  
* 
i n t e r p r e t a t i o n  g i v e n  t o  t h e  m e a s u r e  H i n  t h e  c o u r s e  o f  t h i s  
p a p e r  may b e  c a r r i e d  o v e r  t o  $ and  some p o s s i b l e  u s e  o f  it w i t h -  
i n  t h e  c o n t e x t  o f  s t a b l e  p o p u l a t i o n  t h e o r y  s u g g e s t s  i t s e l f .  
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